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Cell Detachment Mechanisms under Closer Investigation - the Role of
Fate, Elasticity and Intra-Lineage Adhesion Heterogeneity
Alexander Fuhrmann, Adam J. Engler.
University of California, San Diego, La Jolla, CA, USA.
Cell attachment strength has been used as a metric to assess cell behaviors
ranging from cell-ECM binding forces to matrix fiber strength. Radially-
dependent shear force detachment assays have shown that somatic cell at-
tachment is binary, i.e. either attached with relatively normal morphology
or absent at physiological or higher forces. By refining the image analysis
software with this assay to gather information on of cell shape, size and ori-
entation, we have observed quite different behavior for undifferentiated vs.
somatic cells. Tremendous cytoskeletal remodeling occurs in mouse embry-
onic stem cells (mESCs) and bone marrow-derived stem cells (BMSCs) with-
out detachment, i.e. aspect ratios of mESCs and BMSCs increase up to 4:1 to
6:1 compared to control samples; on the other hand, data from fibroblasts
confirms the binary adhesion model with relatively little cytoskeletal remod-
eling if any before detachment. After prolonged culture, BMSCs lose their
ability to remodel under shear and detached in a binary fashion, perhaps in-
dicating that a certain degree of pluripotency is required for the cytoskeleton
to remain elastic and remodel. Since differentiation scales with cell stiffness,
the ability of cells to rearrange under shear depends mostly on their elastic-
ity. Softer cells such as undifferentiated BMSCs have an advantage to
quickly adopt to the direction of shear and align themselves parallel to the
force, reducing their total drag and consequently are able to withstand
a higher shear force than their integrin density would let expect. Stiffness
changes are also apparent in cancer, and using nonmalignant and transformed
cell lines, parallels with stem cell adhesion will be investigated. Overall
these data imply that adhesion strength may be a novel and useful physical
metric to monitor cell fate.
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Recently, studies of nuclear motion as well as the identification of the actin
cap and the LINC (linker of nucleoskeleton and cytoskeleton) complex have
suggested that the cytoskeleton may regulate the position and physical prop-
erties of the nucleus. The Rho GTPase family proteins act through separate
yet intertwined pathways to govern cytoskeletal remodeling, which affect di-
verse cell features throughout the cell. Thus, monitored biophysical changes
in such features under different conditions may be correlated to their up-
stream Rho GTPases’ signaling. In this study, we analyzed the correlation
between nucleus and cell movements of single live cells in an effort to un-
cover the states of Rho GTPases’ signaling, the underlying contributors to
cytoskeletal reorganization. Our novel approach possesses the ability to
quantitatively characterize changes in cell movement behavior patterns re-
sulting from Rho GTPase manipulation, and can further distinguish between
different cell lines, which should each possess unique Rho GTPase signaling
profiles. Cell motility trends predicted by this analysis are in agreement with
wound healing assays of the same cells with the advantages of more insight
into molecular information and the capability to monitor individual cells.
Thus, this analysis can offer a rapid, convenient platform to decipher
a cell motility pattern while matching it to its underlying RhoA and Rac1
activities.
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Complex Substrate Strain Fields Reveal Anisotropic Deformation of
C2C12 Cell Nuclei
Dominique Tremblay, Andrew E. Pelling.
University of Ottawa, Ottawa, ON, Canada.
INTRO
Extracellular forces can result in significant nuclear deformations and may
modulate transcription activity. However, the precise role of the cytoskeleton
network in regulating nuclear mechanics remains poorly understood. The
goal of the present study is to investigate the nuclear deformability under com-
plex substrate strain fields to clarify the role of the microtubule and actin net-
work on the mechanical behavior of the nucleus.
METHOD
A custom-built cell bi-axial stretching device allowing for real time imaging of
mouse myoblast (C2C12) nuclei was used. Cells were seeded on a cross-shapedsilicone membrane coated with collagen I and cultured in growth medium. A
live cell fluorescent nuclear stain, Hoechst-33342, was used to image the nu-
cleus during stretching. Nocodazole and cytochalasin-D were used to depoly-
merize the microtubule or actin network, respectively. All cells were
exposed to a stretching strain field of 23% parallel to major or minor nuclear
axis.
RESULTS
For all cells, substrate stretching along one nuclear axis induced stretching
along this axis and compression along the orthogonal axis. Control cells dis-
played a higher nuclear stretching along the minor axis than the major axis
with a deformation of 5% and 2% respectively. This anisotropy vanished com-
pletely in microtubule- and actin- deprived cells with a deformation of about
4% and 3.5% respectively for both axis. In concert with stretching, increased
nuclear compression was observed along the minor axis compared to the major
axis for all cells.
CONCLUSION
The anisotropic deformation of C2C12 cell nuclei are driven by actin and
microtubule networks. It is important to understand how the cytoskeleton
regulates force-induced deformation of the nucleus since they are known
to alter gene expression and cell polarity. Such intrinsic mechanical behav-
ior could also be exploited as a readout mechanism of substrate strain
fields.
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Neural implants will play an important role in the future and are already used
for tempering the symptoms of Parkinson’s disease or help locked-in patients
to communicate. Current electrodes used for these applications have a smooth
surface, which elicits a tissue response leading to the formation of an isolat-
ing layer (mostly glial cells and their processes) around the electrodes and
results in decreased signal levels. Recently, it has been shown that nanostruc-
tured surfaces lower the tissue response to the implant and improve the re-
cording properties of the electrodes. The best topography and material for
improving the implant biocompatibility remain unknown. We describe an
in vitro model to analyze the effect of surface topography and chemistry
on retinal cells. Postnatal mouse retinas were dissected and dissociated in or-
der to obtain a retinal cell suspension, which was subsequently seeded onto
different culture substrates: gallium phosphide (GaP) nanowires (NWs)
with a density of ~ 1 NW/mm2, flat GaP, flat silicon (Si) and SiNWs with
a density of ~ 25 NWs/mm2. Cultured cells were characterized using immu-
nocytochemistry and confocal microscopy: the topographical and chemical
properties of the substrate influence not only cell adhesion, but also the com-
position of the adhering cell population. Cell clusters were visible on all sub-
strates except SiNWs, where only individual cells attached. On GaPNWs,
clusters were larger and in greater number. GFAP, b-tubulin III, and rhodop-
sin antibodies were used for identifying glia, neurons, and rod photoreceptors,
respectively. Those cells were present on all substrates. However, on SiNWs,
only a few cells were GAFP or b-tubulin III positive and no process exten-
sion was observed. In contrast to flat substrates, b-tubulin III cells showed
extensive process outgrowth on GaPNWs, forming a dense network of con-
necting neurites.
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Mammalian outer hair cell (OHC) electro-motility results from voltage-
dependent conformational changes of the membrane protein prestin, with the
cell’s nonlinear capacitance (NLC) being considered a surrogate measure of
electromotility. A number of physiological factors shift prestin’s voltage de-
pendence, including changes in intracellular Cl and membrane holding poten-
tial (pre-pulse effect), each presumably affecting electromotility and NLC
equivalently.
Here we study the consequences of combined Cl and pre-pulse manipula-
tions on electromotility with simultaneous measurements of NLC and video
imaging. We found, as expected from our previous work, that OHCs
